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[57] - ABSTRACT

A chemical vapor deposition method for forming a

fluorine-containing silicon oxide film comprises intro-
ducing a gaseous mixture of alkoxysilane or its polymers
as a source gas with fluoroalkoxysilane added thereto
into a reaction chamber and performing decomposition
of the gaseous mixture to deposit the fluorine-contain-

- 1ng silicon oxide film onto a substrate. During the for-

mation of the fluorine-containing silicon oxide film, at
least one of compounds containing phosphorus or
boron such as organic phosphorus compounds and or-
ganic boron compounds may be evaporated and intro-
duced into said gaseous mixture, thereby adding at least
one of phosphorus and boron to said fluorine-containing
silicon oxide film. The fluorine-containing oxide- film
may be formed by effecting the decomposition of the
gaseous mixture in the presence of ozone gas, or under
ultraviolet radiation, or gas plasma.

8 Claims, 3 Drawing Sheets
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CHEMICAL VAPOR DEPOSITION METHOD FOR
FORMING FLUORINE CONTAINING SILICON
OXIDE FILM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a chemical vapor
deposition method, and more particularly to a method
for forming a silicon oxide film.

2. Description of Related Art

There has been a conventional chemical vapor depo-
sition method where a silicon oxide film is formed by
using tetra-ethyl orthosilicate, Si(OC;Hs)4, as a source

gas and decomposing it at atmospheric pressure. For

example, tetra-ethyl orthosilicate as a source gas and
trimethoxy phosphate, PO(OCH3)3, and trimethoxybo-
ron, B(OCH3)3, as doping gases are introduced into a
chamber, mixed with an ozone gas produced by an
ozone generator, and decomposed to form a silicon
oxide film doped with phosphorus and boron. Alterna-
tively, the formation of silicon oxide films is performed
without using any doping gas [Journal of Electronic
Materials. Vol. 19. No. 1 (1990) pp. 4549},

The conventional method of forming the silicon
oxide films in the presence of ozone gas as described
above has the following problems. First, it cannot be
said that the resultant films are of good quality in spite
of so high temperature for forming the films as in the
range of 350° to 400° C. This may be attributed to the
high decomposition temperature of the source gas ren-
dering the condensation polymerization insufficient,

and therefore, even such a temperature as in such range

cannot allow production of a high quality silicon oxide
film. Secondly, the silicon oxide films produced accord-
ing to the prior art have a strong internal tensile stress of
about 1x10% dyn/cm?, and because of the high film
forming temperature of 350° to 400° C,, a thick film or
a multilevel film formed is susceptible to cracks due to
thermal stress so that they are unsuited to practical use.
- Thirdly, owing to the high film forming temperature,
for example, when the films are produced on the top of
an aluminum wiring, protrusions so-often called hill-
ocks may be produced on the surfaces of the aluminum
wirings causing electrical shorts between the wiring

and the overlying one, thereby markedly lowering pro-
duction yield.

SUMMARY OF THE INVENTION

It 1s, therefore, an object of the present invention to
provide an improved method for forming a silicon oxide
film which overcomes the problems existing in the con-
ventional chemical vapor deposition method as de-
scribed above. |

A chemical vapor deposition method according to
the present invention is characterized by using alkoxysi-
lane, Si(OR)4 where R is an alkyl radical group, or its
polymers as a source gas and adding thereto fluoroalk-
oxysilane, Si(OR"), F4—p where R’ is an alkyl radical
group and n is an integer of 1 to 3, to form a fluorine-
containing silicon oxide film at lower temperatures.

In an embodiment of the present invention, there is
provided a chemical vapor deposition method charac-
terized in that during the above-mentioned fluorine-
containing silicon oxide deposition, at least one of phos-
phorus containing compounds and boron containing
compounds such as organic phosphorus and organic
boron compounds is vaporized and used as doping gas
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2
and phosphorus and/or boron is added to the fluorine-
containing silicon oxide film.

In another embodiment of the present invention,
there is provided a chemical vapor deposition method
characterized by forming the fluorine-containing silicon
oxide film in the presence of ozone gas, or under ultravi-
olet radiation or gas plasma.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects, features and advantages of the
present invention will be apparent from the following
description of preferred embodiments according to the
present invention with reference to the accompanying
drawings, in which: |

FIG. 1 is a schematic drawing of an apparatus which
is used for the formation of the fluorine-containing sili-
con oxide film according to the first embodiment of the
present invention;

FIG. 2 is a graph showing a comparison in Fourier
transform infrared absorption between the present in-
vention and the prior art; and

FIG. 3 is a schematic drawing of an apparatus for a
Plasma Enhanced Chemical Vapor Deposition which is
used for the formation of the fluorine-containing silicon
oxide film according to the second embodiment of the
present invention.

PREFERRED EMBODIMENTS OF THE
INVENTION

The present invention is described with reference to
the accompanying drawings. FIG. 1 1s a schematic
drawing of an apparatus used for the formation of the
fluorine-containing silicon oxide film according to the
first embodiment of the present invention. A flow of
oxygen gas is controlled at a flow rate of 10 SILM by a
flow controller 106 and introduced into an ozone gener-
ator 105, where ozone is generated at a concentration of
about 20,000 ppm, and introduced into a reaction cham-
ber through a dispersion head 104. At the same time, a
flow of nitrogen gas is controlled at a flow rate of 2
SLM by a controller 107. Another flow of nitrogen gas
is divided into two parts, one of which is controlled at
a flow rate of 2 SLLM by a controller 108 and bubbled in
a bubbler 110 containing tetra-ethyl orthosilicate, Si-
(OC;yHs)4, maintained at a temperature of 60° C. to
vaporize the same, and the other of which is controlled
at a flow rate of 2 SLM by a controller 109 and bubbled
in a bubbler 111 containing fluorotriethoxysilane, FSi-
(OC2Hs)3, maintained at a temperature of 60° C. to

‘vaporize the same. The nitrogen gas flows from the

controller 107 and the bubblers are introduced into the
reaction chamber through the dispersion head 104.
These gases are mixed in the reaction chamber, decom-
posed, and deposited onto a semiconductor substrate
101 placed on a susceptor 103 which is maintained at
200° C. by heating with a heater 102.

By the apparatus as described above, a fluorine-con-
taining silicon oxide film having a thickness of about 1
pm was formed on a silicon substrate and examined for
its characteristics. First, the examination for film com-
position by X-ray photoelectron spectrometry revealed
that the film had a composition of SiOy.85Fo.1s and a

substantially uniform distribution of fluorine atoms in

the direction of the thickness. Next, the film was exam-
ined for physical, chemical and electric properties. The
film had a refractive index of about 1.425 which is
smaller than that of the prior art film of 1.45.
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FIG. 2 is a graph showing a comparison in Fourier
transform infrared absorption between an example of
the present invention and the prior art. There are shown
(a) an infrared absorption spectrum of the fluorine-con-
taining oxide film formed on a silicon substrate at a
substrate temperature of 200° C. according to the exam-
ple of the present method and (b) that of the silicon
oxide film containing no fluorine which was formed at
a substrate temperature of 400° C. according to the
prior art. As can be seen from the Figure, the fluorine-
containing silicon oxide film of this example has the
absorption peak corresponding to a Si—O bond at a
wavenumber of about 1080 cm—1 which is higher than
a wavenumber of about 1067 cm—1 at which the silicon
oxide film produced by the prior art has the absorption
peak corresponding to a Si—O bond. This indicates that
the Si—O bond in the fluorine-containing silicon oxide

film according to this example is stronger than that of

the silicon oxide film formed according to the prior art.
Similarly, it can be appreciated from FIG. 2 that the
magnitude of the absorption peak corresponding to an

OH group appearing in the vicinity of a wavenumber of

3400 cm—1is smaller in the case of the fluorine-contain-
ing silicon oxide film of this example than in the prior
art silicon oxide film. This indicates that the fluorine-
containing silicon oxide film of the example has a lower
water content. The results thus obtained from the infra-
red absorption spectra indicate that the fluorine-con-
taining silicon oxide film formed even at a lower tem-
perature of 200° C. according to this example is superior
in quality to the prior art silicon oxide film formed at a
higher temperature of 400° C. |
Moreover, the fluorine-containing silicon oxide film
according to this example was examined for etching
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is supplied with a high frequency power of 13.56 MHz.
An anode electrode 302 1s grounded and a semiconduc-
tor substrate 305 is maintained at a predetermined tem-
perature by a heater 304. As reaction gases, tetra-ethyl
orthosilicate,” Si(OC:;Hs)s and fluorotriethoxysilane,
FSi(OC;Hs)3, are evaporated in bubblers 309 and 310,
respectively, and introduced into the reaction chamber.
Nitrogen gas is introduced into the bubblers 309 and 310
through flow controllers 307 and 308, respectively.

In this example, there was produced a fluorine-con-
taining silicon oxide film having a thickness of about 1
pm under the film forming conditions of a substrate
temperature of 200° C., a pressure inside the reaction
chamber of 0.3 Torr and a high frequency power den-
sity of 0.5 W/cm?. The fluorine-containing silicon oxide
film thus formed was evaluated for film properties. As a
result, there were obtained the same resuits as those in

- the first example.
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rate with a buffered solution of hydrofluoric acid of 35

1:30. It exhibited an etching rate of about 800 A/min,
whereas the silicon oxide film of the prior art did an
etching rate of about 1000 A/min. in the identical exam-
ination. This indicates that the fluorine-containing sili-
con oxide film of this example has a higher density than
that of the silicon oxide film formed by the prior art.
‘The fluorine-containing silicon oxide film of this exam-
ple had an internal stress of 2 X 108 dyn/cm2 which was
lower by one order of magnitude than that of the prior
art silicon oxide film of 1 10% dyn/cm2.

The films were checked for electrical properties with
aluminum electrodes of an area of about 4 mm?2 being
formed on the films. When a voltage of 5 V was applied
onto the samples, the fluorine-containing silicon oxide
film of this example exhibited a leakage current density
of about 5 10—11 A/cm?2 which was lower than that of
the prior art silicon oxide film of about 2x10-10
A/cm?. Furthermore, the fluorine-containing silicon
oxide film of this example had a lower dielectric con-
stant of about 3.7 obtained from the capacitance-voltage
measurement at a frequency of 1 MHz, as compared
with the prior art silicon oxide film having a dielectric
constant of 4.1. |

Next, another example of the present invention will
be described with reference to the drawings. F1G. 3isa
schematic drawing of an apparatus for a Plasma En-
hanced Chemical Vapor Deposition which was used for
the formation of the fluorine-containing silicon oxide
film according to the second embodiment of the present
invention. In the Figure, a reaction chamber 301 is
evacuated to a predetermined constant pressure and an
oxygen gas is introduced into the reaction chamber 301
through a flow controller 306. A cathode electrode 303
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Although in both the first example and the second
one no dopant was introduced into the fluorine-contain-
ing silicon oxide film, if necessary, an organic com-
pound containing at least one of phosphorus and boron
such as trimethoxy phosphate, PO(OCH3)3, or trimeth-
oxy boron, B(OCH3)3, may be similarly evaporated by
bubbling and used as doping gas for adding at least one
of phosphorus and boron to the fluorine-containing
silicon oxide film. In addition, the film forming tempera-
ture may be above 200° C. and other film forming con-
ditions may be changed, if necessary. It should be un-
derstood that the present invention can be applied to
methods other than those described in the examples
such as a plasma-assisted method, a thermal chemical
vapor deposition method and a photochemical vapor
deposition method using ultraviolet radiation.

As described above, the present invention enables
deposition of a silicon oxide film having superior film
characteristics at lower temperatures by a chemical
vapor deposition method with organic sources, in
which fluoroalkoxysilane is added. Despite the forma-
tion at lower temperatures, the water content can be
reduced. Thus, the use of the film in semiconductor
devices allows the reliability thereof to be markedly
enhanced. .

When the films are used as insulating films interposed
between layers in a multilevel interconnection with
aluminum wirings and the like, a thick film can be
formed without causing any crack, and moreover, no
aluminum hillock is formed, since the films are pro-
duced at lower temperatures, highly dense and less
stressed. Therefore, the present invention has advan-
tages of increasing the production yield of semiconduc-
tor devices having a multilevel interconnection as well
as enhancing the reliability thereof.

While the invention has been described in its pre-
ferred embodiments, it 1s to be understood that the
words which have been used are words of description
rather than limitation and that changes within the pur-
view of the appended claims may be made without
departing from the true scope and spirit of the invention
in its broader aspects.

What is claimed is:

1. A chemical vapor deposition method for forming a
fluorine-containing silicon oxide film comprising intro-
ducing a gaseous mixture of alkoxysilane as a source gas
with fluoroalkoxysilane added thereto into a reaction

~ chamber and performing decomposition of the gaseous

mixture to deposit the fluorine-containing silicon oxide
film onto a substrate.
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2. The method according to claim 1, in which said
alkoxysilane is represented by the general chemical
formula, Si(OR)4, where R is an alkyl radical group.

3. The method according to claim 2, in which said
alkoxysilane is tetra-ethyl orthosilicate.

4. The method according to claim 1, in which said
- fluoroalkoxysilane is represented by the general chemi-
cal formula, S1(OR’)p F4_p, where R’ is an alkyl radical
group and n 1s an integer of 1 to 3.

5. The method acoordmg to claim 4, in which said
fluoroalkoxysilane is ﬂuorotnethoxysﬂane |

6. The method according to claim 1, in which during

6

film, at least one compound containing phosphorus or
boron is evaporated and introduced into said gaseous
mixture, thereby adding at least one of said phosphorus
or boron to said fluorine-containing silicon oxide film.

7. The method according to claim 6, in which said at
least one compound containing phosphorus or boron is

- selected from the group consisting of trimethoxy phos-
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phate, PO(OCH3)3, and tnmcthoxyboron, B(OCH3)s.
8. The method according to claim 1, in which said
dccompos:tlon of the gaseous mixture to deposit the
fluorine-containing silicon oxide film onto a substrate is
pcrformed at a tempcrature lower than about 200° C.
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